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Description

[0001] The presentinvention relates to a high strength steel sheet which is excellent in workability, which has a tensile
strength of, for example, 590 to 980 MPa or more, and which is useful for an automobile etc.

[0002] Inrecent years, for the purpose of reducing fuel consumption by achieving weight reduction of automobile and
ensuring safety for occupants of automobile at the time of a collision, demand for a high strength steel sheet has been
increasing. Accordingly, there are growing needs for a high strength of more than conventional 590 MPa to 980 MPa
for use in a structural member of automobile, such as a member or a pillar for absorbing energy at the time of a collision.
Also, lately, there has been a strong demand for improvement in an antirust property. Therefore, in order to provide both
the high strength and antirust property, demand for the galvanized high-strength steel sheet is also growing.

[0003] Furthermore, when applying such a steel sheet to an automobile, not only the strength and antirust property
but also workability while forming a structural member of the automobile is also an important required characteristic.
However, there exists a trade-off between the strength and workability for forming the structural member, and anincrease
in strength is at the same time accompanied by degradation of workability.

[0004] Under the circumstances, in order to improve workability while increasing strength of a steel sheet, a method
has been developed such that a composite structure is obtained by transforming austenite into martensite through control
of a cooling pattern after heating to a dual phase of ferrite and austenite. Such a composite-structure steel sheet can
also be manufactured in a continuous annealing line.

[0005] Forexample, Patentdocument 1 discloses a method to produce a steel sheet of a composite structure including
ferrite and martensite, with which the steel sheet of high workability and high strength is obtained. Moreover, according
to Patent document 2, a galvanized steel sheet excellent in terms of strength, anti-aging, and ductility is obtained by
specifying the volume rate and grain size of the martensite in the composite structure of ferrite and martensite, a production
site and a dispersion state of the martensite, and dispersion intervals.

[0006] However, according to Patent document 1, a hot-rolled steel plate is heated at the temperature of 600°C or
more but below Ac, point and pickling is performed before the recrystallization annealing and tempering treatment are
performed, which brings about actual problems of decrease in productivity and increase in cost due to the additional
process of heating.

[0007] Further, according to Patent document 2, the amount of C contained in a steel material to be used is set to
0.005 to 0.04%. However, when the contained amount of C decreases, martensite for obtaining high strength decreases,
so that the strength of 590 MPa or more cannot be obtained. According to Patent document 2, when a large amount of
Mo is added as an element for reinforcement, a certain high strength is obtained. However, an increase in material cost
is inevitable.

Patent document 1: JP-A No. 2005-213603
Patent document 2: JP-A No. 2005-29867

[0008] Also EP 1514951 and JP-A-2000 - 17385 disclose similar dual phase high strength steel sheets.

[0009] The presentinvention is made in consideration of the above prior art, and its object is to provide a high strength
steel sheet, which has a tensile strength of 590 MPa or more and, further, 980 MPa or more being useful for a structural
member of automobile, and which has high workability, without adding a large amount of expensive alloy elements such
as Mo.

[0010] In order to solve the above problems, a high strength steel sheet of the present invention consists of 0.03 to
0.20% C (% by mass in chemical compositions; hereafter, the same holds true), 0.50 to 2.5% Si, 0.50 to 2.5% Mn, and
0.01 to 0.5% Cr, with the remainder being iron and inevitable impurities. Further, its metal structure includes ferrite and
low temperature transformation phase. The mean grain size of the low temperature transformation phase is 3.0 um or
less. Also, grains whose grain size is 3.0 .m or less occupy 50% or more by area ratio of the low temperature transfor-
mation phase. Further, an average aspect ratio of the low temperature transformation phase is 0.35 or more.

[0011] Depending on required characteristics, the above steel material of the present invention may contain 0.02 to
0.2% Mo. Alternatively, it is effective to contain at least one element selected from the group consisting of: 0.01 t0 0.15%
Ti; 0.01 to 0.15% Nb; and 0.001 to 0.15% V.

[0012] According to the present invention, chemical compositions of the steel material are specified as above. Also,
the metal structure is provided as a composite structure including ferrite and low temperature transformation phase. In
particular, by minimizing the size of the low temperature transformation phase and by allowing the mean value of the
aspect ratio defined by the ratio of short diameter/long diameter to be 0.35 or more, a steel sheet with high workability
can be provided at a comparatively low cost while meeting the demand for raising the strength.

[0013]

[Fig. 1] Fig. 1 is a graph showing an effect given by addition of the amount of Mo to the balance of tensile strength
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and elongation (TS x El) of a test steel material and the aspect ratio of the low temperature transformation phase.
[Fig. 2] Fig. 2 shows pictures (2000 magnifications) of cross sections of structures of steel sheets obtained from the
test example.

[0014] In view of the above problems to be solved, the present inventors focused on the composite-structure steel
sheet. In order to improve both the strength and workability, the inventors put a chief aim on chemical compositions and
metal structure of the steel material, especially, on a form of the low temperature transformation phase, and repeated
the studies for improvement to arrive at the present invention.

[0015] While clarifying hereafter the chemical compositions of the steel materials specified in the present invention
and the reason for setting the metal structure, a useful method for obtaining the metal structure will further be described.
[0016] First, the reason for having specified the chemical compositions of the steel materials will be explained.

C: 0.03% or more to 0.20% or less

[0017] C is an important element for securing strength. Also, it changes the amount and form of the low temperature
transformation phase. Further, it influences the elongation and hole-expanding property being factors for workability. If
the C content is less than 0.03%, it becomes difficult to secure strength of 590 MPa or more. On the other hand, an
excessive amount of C content deteriorates the workability and spot-weldability. Therefore, it must be suppressed to at
most 0.20% or less. The C content is preferably 0.05% or more to 0.17% or less.

Si: 0.50 t0 2.5%

[0018] Si acts effectively as a solid solubility reinforcing element. Further, as the amount of Si content increases, it
increases the volume fraction of ferrite. Still further, Siis effective in enhancing ductility as well as strength of a composite-
structure type steel sheet including ferrite and martensite. Such an effect is sufficiently exhibited when the amount of Si
is 0.50% or more. However, when Si is excessively contained, Si scale amount increases at the time of hot-rolling to
deteriorate the surface quality of the steel sheet and to affect the conversion treatment. Therefore, the amount of Si
must be suppressed to 2.5% or less. The preferable amount of Si content is 0.7% or more to 1.8% or less.

Mn: 0.50 to 2.5%

[0019] Mn stabilizes austenite at the time of soaking in a continuous annealing line. Further, it has a remarkable effect
on the characteristics of the low temperature transformation phase generated in a cooling process. Also, itis an element
indispensable to strengthen ferrite as a solid solubility strengthening element. Therefore, the amount of Mn contained
is set to at least 0.50% or more and, preferably, 0.60% or more. However, if the amount is excessive, it becomes difficult
to melt and refine the steel. Also, it remarkably affects the workability and spot-weldability. Therefore, the amount must
be suppressed to at most 2.5% or less and, preferably, 2.3% or less.

Cr:0.01 to 0.5%

[0020] Cr also acts to improve hardening and urges generation of a low temperature transformation product which is
useful for enhancing strength. Its effect is exhibited when 0.01% Cr or more, preferably 0.03% or more is added. However,
since its effect is saturated at 0.5%, the addition beyond it is economically meaningless.

[0021] The main components of the steel materials of the present invention are above-described C, Si, Mn and Cr.
The remainder are iron and inevitable impurities being mixed during scrapping etc. To be specific, they are P, S, Al, and
N. All of these act as non-metal system mediating sources and affect the strength and workability. Therefore, the amount
of inevitable impurities should generally be suppressed to about 0.02% P or less, about 0.005% S or less, about 0.1%
Al or less, and about 0.01% N or less.

[0022] According to the present invention, both the strength and workability are achieved by basically controlling the
metal structure to be described later by use of the steel of the above compositions. More preferably, however, in order
to enhance strength, proper amount of following reinforcement elements can be contained.

Mo: 0.02 to 0.20%

[0023] Mo is an element which improves hardening characteristics and urges generation of a low temperature trans-
formation phase which is useful for enhancing strength, and its effect is exhibited by adding the amount of 0.02% or
more. However, according to the present invention, the addition effect is exhibited in the range of up to 0.20%. Even if
Mo is added more than that, the effect is saturated, causing a cost rise and deteriorating the workability. Therefore, the
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amount of Mo should be suppressed to 0.20% or less and, more preferably, 0.18% or less.

[0024] At least one element selected from the group consisting of 0.01 to 0.15% Ti, 0.01 to 0.15% Nb, and 0.001 to
0.15% V.

[0025] These elements are the ones having the same effects in terms of enhancing the strength of the steel. In
particular, Ti acts to form precipitates such as a carbide and a nitride and to reinforce the steel. At the same time, Ti
makes crystal grains finer and raises yield strength. Furthermore, it dissolves in small quantities in ferrite, and acts to
suppress bainite transformation during a cooling process. These actions are effectively exerted by adding 0.01% Ti or
more (preferably, while satisfying the inequality Ti > 4N in terms of atomic ratio). However, since its effect is saturated
at about 0.15%, the addition beyond it is economically meaningless.

[0026] By adding a small amount of either Nb or V, a metal structure is made finer and the strength is enhanced without
losing toughness. Further, as in the case of Ti, a small amount of each of them dissolves in ferrite and acts to suppress
the bainite transformation in a rapid cooling process. Such an action is effectively exerted when 0.01% or more of each
of them is added. However, since its effect is saturated at 0.15%, the addition beyond it is economically meaningless.
[0027] Now, the metal structure of the steel material will be described. The steel material of the present invention has
a composite structure which consists of ferrite and low temperature transformation phase. The mean grain size of the
low temperature transformation phase is 3.0 x m or less. Further, grains whose grain size is 3.0 um or less occupy 50%
or more by area ratio of the low temperature transformation phase, and an average aspect ratio is 0.35 or more.
[0028] In the present invention, a "low temperature transformation phase" refers to a low temperature transformation
structure, that is, martensite, bainite, and pseudo pearlite defined by Araki et al. ("Atlas for Bainite Mircostructures Vol.
1, " June 29, 1992, Iron & Steel Institute of Japan, pp.1-2). These low temperature transformation phases mainly com-
prising martensite occupy 10% or more to 80% or less by area ratio and, more preferably, 20% or more to 70% or less.
Further, in order to obtain a steel sheet of a composite structure with high ductility and workability, the martensite structure
in the second phase is 90% or more by area ratio.

[0029] The mean grain size of the above low temperature transformation phase must be 3.0 um or less. At the same
time, the grains of 3.0 x m or less must occupy 50% or more by area ratio. If the grains of 3.0 um or more exceed 50
% by area ratio, ductility decreases and sufficient workability cannot be obtained. In order to achieve both the strength
and workability, the more preferable low temperature transformation phase should have a mean grain size of 2.5 um or
less and the grains whose grain size is 3.0 um or less occupy 65% by area ratio.

[0030] Furthermore, an average aspect ratio of the low temperature transformation phase must be 0.35 or more. If it
is less than 0.35, ductility is not enough and sufficient workability cannot be obtained. A preferred aspect ratio is 0.45
or more, and more preferably 0.55 or more.

[0031] The grain size and aspect ratio of the above-described low temperature transformation phase are found in the
following manner. For example, as shown in FIGS. 2A, 2B, and 2C, a cross section in the direction of L of a test steel
plate is sampled by a resin embedding method. Further, five views of each sample at a t/4 position (t: thickness of the
sheet) of the cross section is photographed by a scanning electron microscope (trade name "JSM-6100," made by JEOL,
Ltd.) under the magnification of 2000. Then, each photograph is examined by an image analyzer (trade name "LUZEX-
F," made by NIRECO Corporation) to find a grain size and an aspect ratio (short diameter/long diameter ratio) of the
second phase (low temperature transformation phase).

[0032] The grain size here (in the case of finding an aspect ratio, long diameter) refers to the maximum length between
given two points on the circumference of each second phase appearing in each image. Further, a short diameter refers
to the shortest distance between two points when the image of the transformation phase is sandwiched between two
lines parallel to the above maximum length. Further, when two or more second phases are connected, they shall be
separated at an intermediate point of a connection portion to find the short and long diameters. As for the aspect ratio,
80 or more pieces of data (70% or more of the picture) per one view of each picture were extracted to find the mean value.
[0033] The grain size and a dispersed state of the low temperature transformation phases referred to in the present
invention differ from those of the carbide in balling-up annealing seen in the case of a common high carbon steel. Balling-
up (of the carbide) and workability of the carbide are described, for example, in JP-A No. 2003-147485 and JP-A No.
2-259013. However, these are the techniques for improving die-cutting workability for high carbon steel. Therefore, they
are fundamentally different from the improvement technique of the present invention for the press-forming feature to be
applied to the structural member of the automobile with respect to the low-carbon steel to which the present invention
is directed.

[0034] There is no particular restriction to the manufacturing conditions for obtaining the grain size and aspect ratio
of the above-described low temperature transformation phase specified in the present invention. Therefore, what is
necessary is to properly control the heating temperature, heating rate, holding temperature, cooling start temperature,
cooling rate, etc. in a general manufacturing steps of a steel sheet, such as steps from continuous casting to continuous
annealing through hot-rolling, pickling, and cold-rolling. In the case of a hot-dip galvanized steel sheet or an alloyed hot-
dip galvanized steel sheet, what is necessary is just to perform proper temperature control including a continuous hot-
dip galvanizing line. However, what become most important when securing preferable quality of the low temperature
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transformation phase are heating conditions and soaking conditions in the continuous annealing after the hot-rolling and
cold-rolling, and subsequent cooling conditions and tempering conditions. Hereafter, these heat treatment conditions
will mainly be described.

[0035] Secondary heating after hot-rolling:

According to the present invention, C and N necessary for stabilizing austenite are allowed to be thickened enough
in an austenite phase to promote fine depositing of a low temperature transformation phase without reducing pro-
ductivity. For that purpose, after heating (primary heating) to 200 to 700°C at a rate of 2 to 5°C/s, it is preferable to
heat to 780°C or more (secondary heating) at a rate of 1 to 2°C/s. It is possible to adopt the primary heating for
heating at a fixed rate. However, if the above secondary heating method is adopted, thickening of C or N can be
made more efficiently in a short time.

[0036] Soaking in dual-phase region (Ferrite and austenite beyond Ac, point):

In order to reliably obtain a composite structure comprising ferrite and martensite, which is a principal low temperature
transformation phase, it is preferable to perform heating to 780°C or more. Although there is no particular upper
limit for the heating temperature, in order to prevent the austenite grain from becoming larger and to reduce the
grain size of the low temperature transformation phase, it is preferable to suppress the temperature to 900°C or
less. That is, it is preferable to perform soaking between 780 and 900°C corresponding to the dual-phase region
(ferrite and austenite beyond Ac4 point). The holding time is not particularly restricted. However, enough soaking is
performed with holding of one minute or more. The preferable holding time for obtaining the dual-phase structure
of ferrite and austenite is about three to five minutes. The holding time of ten minutes or more is not necessary.

[0037] Cooling after soaking:

In order to efficiently generate a prescribed low temperature transformation phase in the cooling after the above
soaking, it is preferable to cool (primary cooling) between the soaking temperature and the temperature of 500 to
700°C at an average cooling rate of 2°C/s or more. Subsequently, it is preferable to cool (secondary cooling) to a
prescribed cooling stop temperature (Ts: about 60 °C or less) at a rate of 50 to 2000°C/s. If the rate of the primary
cooling is less than 2°C/s, the cooling takes time, which is disadvantageous also in terms of equipment and pro-
ductivity. Therefore, itis preferred to cool at 5°C/s or more. Further, when the temperature during the primary cooling
exceeds 700°C, there is a possibility that all the structure may become martensite and ductility may be deteriorated
extremely. Alternatively, when the temperature is less than 500°C, the share of the martensite becomes less than
10% by area ratio, being unable to achieve the object of increasing the strength.

[0038] Moreover, whenthe secondary cooling rate is less than 50°C, it becomes difficult to obtain a favorable composite
structure of ferrite phases and low temperature transformation phases. Also, problems such as control of steel plate
temperature and equipment cost arise. There is no particular upper limit for the secondary cooling rate. However,
considering an actual operation, about 2000°C/s may be an upper limit.

[0039] Tempering:

When the soaking and the cooling according to the above condition are over, it is preferable to raise the temperature
in a range between 100°C or more and 550°C or less at the rate of 0.5 to 4°C/s to perform tempering. It is not
recommendable, in respect of productivity, to hold down the heating rate at this time to 0.5°C/s or less. Also, when
the temperature is less than 100°C, the purpose of tempering cannot be achieved. Further, when the temperature
exceeds 550°C, the balance of tensile strength and elongation will fall remarkably. One minute or more of the holding
time for tempering is enough. However, in order to ensure the tempering, five minutes or more is preferred. A holding
time of ten minutes or more is completely meaningless. After the tempering, the steel sheet may be cooled at about
1°C/s or more in consideration of productivity. Though there is no particular upper limit, up to about 250°C/s may
be appropriate.

[0040] According to the present invention, there is provided a high strength steel sheet useful for an automobile etc.,
which has a high strength of 590 MPa or more and, further, 980 MPa or more while securing high workability through
properly controlling the form of the low temperature transformation phase by using the steel material whose chemical
compositions are specified as above and by adopting proper heating conditions including the cooling condition and
holding condition.
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Examples

[0041] Now, the present invention will be described more specifically by referring to test examples. The present
invention is not restricted in itself by the following test examples. Therefore, it is possible to carry out the invention by
properly modifying the examples within the above described or later describe spirit of the invention, and such modifications
are all to be included in the technical scope of the present invention.

Test example

[0042] A steel material of the composition as shown in Table 1 was melted, and then cast into slabs by continuous
casting. The slabs were held at 1150°C or 1250°C. hot-rolled at a finishing temperature of 800 to 950°C into 2.6 mm in
thickness, and then coiled at 480°C, thereby hot-rolled steel sheets were produced. The hot rolled steel sheets were
pickled, cold rolled at the rate of 56% into 1.2 mm in thickness and, on the conditions shown in Table 2, they were
subjected to continuous annealing in a continuous annealing line or a continuous hot-dip galvanizing line, thereby steel
sheets were produced. In Table 2, steel Nos. 1 to 11 are cold-rolled steel sheets and steel Nos. 12 to 17 are hot-dip
galvanized steel sheets. Steel Nos. 18 to 26 are comparative examples which do not have proper steel material com-
positions or whose manufacturing conditions are not proper and the metal structure lacks the prescribed requirements.
[0043] With respect to each of the steel sheets thus obtained, by using JIS No. 5 test piece, a tensile test was carried
out to measure tensile strength (TS) and elongation (El) to find a balance (TS x El) of tensile strength and elongation.
[0044] L-direction cross sections of metal structures were prepared as samples by a resin embedding method. Then,
with respect to a t/4 position of the L cross section, five views of each sample were photographed at 2000 magnifications
by a scanning electron microscope (trade name "JSM-6100," made by JEOL, Ltd.). Then, each picture was examined
by an image analyzer (trade name "LUZEX-F," made by NIRECO Corporation) to find the grain size and aspect ratio
(short diameter/long diameter ratio) of the second phase (low temperature transformation phase). The grain size (in
calculating an aspect ratio, long diameter) referred to here means a maximum length between given two points on a
circumference of the second phase shown in each image. Also, the short diameter means the shortest distance between
two points when the image of the transformation phase is sandwiched by two lines parallel to the above maximum length.
As for the aspect ratio, 80 pieces or more (70% or more of the picture) of the data per one view of each picture were
extracted and the mean value thereof was found.

[0045] Table 2 collectively shows manufacturing conditions, tensile strength characteristics of obtained steel sheets,
mean grain sizes of low temperature transformation phases, and the aspect ratios (short diameter/long diameter ratios).

[Table 1]
Steel No. Chemical composition (mass%, Remainder: Fe)
C Si Mn P S Al Cr Mo N Ti Nb \
1 0.085 | 0.75 | 1.99 | 0.010 | 0.004 | 0.04 | 0.02 | 0.03 | 0.004
2 0.095 | 0.63 23 0.010 | 0.004 | 0.04 | 0.02 | 0.10 | 0.004 | 0.030
3 0.145 | 0.55 22 0.010 | 0.004 | 0.03 | 0.03 | 0.20 | 0.004 0.011
4* 0.064 | 0.65 | 1.61 | 0.010 | 0.002 | 0.05 | 0.02 | 0.01 | 0.005
5 0.085 | 0.65 | 1.65 | 0.019 | 0.001 | 0.04 | 0.03 | 0.20 | 0.006
6 0.143 | 1.32 | 1.78 | 0.018 | 0.004 | 0.07 | 0.07 | 0.15 | 0.004 0.02
7 0.125 | 1.75 | 2.27 | 0.014 | 0.001 | 0.06 | 0.15 | 0.03 | 0.006 0.03
8* 0.105 | 1.38 | 2.02 | 0.010 | 0.003 | 0.04 | 0.04 | 0.01 | 0.004
9 0.053 | 0.55 | 1.20 | 0.022 | 0.002 | 0.07 | 0.01 | 0.20 | 0.005 0.05
10 0.099 1.2 2.1 0.010 | 0.003 | 0.03 | 0.03 | 0.20 | 0.004
11 0.170 | 0.96 | 1.70 | 0.015 | 0.002 | 0.06 | 0.31 | 0.10 | 0.007 | 0.05
12 0.085 | 1.03 | 2.01 | 0.015 | 0.002 | 0.06 | 0.11 | 0.05 | 0.007
13 0.124 | 1.81 | 153 | 0.015 | 0.001 | 0.05 | 0.07 | 0.17 | 0.006 | 0.07 0.03
14 0.063 | 0.91 | 245 | 0.021 | 0.001 | 0.09 | 0.27 | 0.03 | 0.005
15 0.041 | 0.51 | 1.63 | 0.014 | 0.002 | 0.06 | 0.24 | 0.15 | 0.006




10

15

20

25

30

35

40

45

50

55

EP 2 000 554 B1

(continued)
Steel No. Chemical composition (mass%, Remainder: Fe)
C Si Mn P S Al Cr Mo N Ti Nb
16 0.055 | 0.51 | 1.95 | 0.015 | 0.005 | 0.05 | 0.02 | 0.15 | 0.004 | 0.025
18 0.061 | 0.61 | 1.61 | 0.010 | 0.004 | 0.03 | 0.02 | 0.01 | 0.004
19 0.030 | 0.85 | 2.76 | 0.021 | 0.002 | 0.09 | 0.26 | 0.03 | 0.005
20 0.024 | 0.88 | 2.07 | 0.015 | 0.005 | 0.05 | 0.05 | 0.20 | 0.006 0.01 0.05
21 0.125 | 2.45 | 0.48 | 0.011 | 0.001 | 0.05 | 0.11 | 0.20 | 0.005
22 0.176 | 1.35 | 2.02 | 0.010 | 0.003 | 0.03 | 0.02 | 0.01 | 0.004
23 0.096 | 0.59 | 2.02 | 0.018 | 0.004 | 0.08 | 0.03 | 0.19 | 0.005 0.16
24 0.092 | 2.80 | 1.52 | 0.018 | 0.002 | 0.03 | 0.31 | 0.20 | 0.004
25 0.134 | 0.12 | 2.23 | 0.015 | 0.001 | 0.07 | 0.21 | 0.30 | 0.006
26 0.201 | 0.65 | 1.70 | 0.013 | 0.001 | 0.10 | 0.17 | 0.23 | 0.006

* Reference example
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[0046] The followings are conceivable from Tables 1 and 2.

[0047] Steel Nos. 1to 3,5 to 7, and 9 to 16 are examples which conform to all the requirements set by the present
invention. It is seen that when tensile strength levels are 590 MPa, 780 MPa, 980 MPa, and 1180 MPa, elongation rates
are 27.5% or more, 20.8% or more, 16% or more, and 9% or more, respectively, showing excellent balance of tensile
strength and elongation.

[0048] On the other hand, as comparative examples, steel Nos. 18 to 26 lack any one of the requirements specified
by the present invention, and any one of the target performance characteristics is not sufficient as shown below.
[0049] The amount of Mn contained in steel No. 19 exceeds the prescribed range. Therefore, even though a high
strength is obtained, grain sizes of the low temperature transformation phase are widely dispersed and the mean grain
size exceeds the prescribed value, being unable to achieve sufficient ductility. Steel No. 20 lacks the amount of C.
Therefore, the strength of the low temperature transformation phase is not sufficient. Its ductility is poor as compared
to strength, and the steel lacks the balance of tensile strength and elongation. Steel No. 21 lacks the enough amount
of Mn. Therefore, solid solubility reinforcement is not enough and sufficient strength is not obtained. Further, the mean
grain size of the low temperature transformation phase is large and ductility is poor. Steel No. 22 does not satisfy the
prescribed requirements of chemical compositions, and, of the manufacturing conditions, the secondary heating tem-
perature is not appropriate. Therefore, the grain size of the low temperature transformation phase is coarse. Further, its
aspect ratio has not reached the prescribed value. Therefore, its ductility is low and the balance of tensile strength and
elongation is poor.

[0050] Steel No. 23 contains too much amount of microalloy elements such as Ti. Therefore, though it has a high
strength, carbides have deposited in large quantities in the grain area, and the ductility is greatly lowered. The amount
of Si contained in steel No. 24 exceeds the prescribed range. Therefore, the volume fraction of ferrite becomes too high
and enough strength is not obtained. Steel No. 25 lacks enough amount of Si. Therefore, the aspect ratio of the low
temperature transformation phase has not reached the prescribed value. Accordingly, the ductility is remarkably poor
and the balance of tensile strength and elongation is poor. Steel No. 26 contains too much amount of C. Therefore, the
volume fraction of the low temperature transformation phase becomes too high, causing too much hardening. Thus, the
ductility is remarkably lowered and the spot-weldability becomes very poor.

[0051] Steel No. 18 has substantially the same composition as that of reference steel No. 4, and the primary heating
condition while the steel is manufactured is not appropriate. Therefore, the mean grain size of the low temperature
transformation phase exceeds the prescribed value and the aspect ratio is also low. Thus, the balance of tensile strength
and elongation is poor.

[0052] FIG. 1is agraph showing an effect on the balance of tensile strength and elongation (TS x El) and aspect ratio
of the low temperature transformation phase given by the amount of Mo added to the test steel material based on the
testdata shown in Tables 1 and 2. As clearly seen from the graph also, considerable non-uniformity is observed according
to a target strength level. However, when a small amount of Mo is added in a range of 0.02 to 0.2%, the aspect ratio of
the low temperature transformation phase shows a comparatively high value. Possibly, because of this, TS x El balance
also shows a high value in the Mo added region. However, when the added amount of Mo exceeds 0.20%, it is found
that such an effect is decreased considerably.

[0053] FIG. 2 shows pictures (magnification of 2000) of cross sections of structures of the steels obtained in the above
examples. FIG. 2A shows steel No. 8 (Reference Example), FIG. 2B shows steel No. 9 (Example of the invention), and
FIG. 2C shows steel No. 18 (Comparative example). In these pictures, island-like white objects are low temperature
transformation phases, and cord-like thin objects are ferrite grain areas.

[0054] As is clear when comparing these pictures, in the example of the present invention in FIG. 2B, as compared
to Comparative example in FIG. 2C, the sizes of low temperature transformation phases are short and substantially
uniform as a whole and are uniformly dispersed all over. Further, between FIGS. 2A and 2B, there is a considerable
difference in percentage by area ratio of the low temperature transformation phases. This percentage by area ratio can
be adjusted particularly by the cooling condition after heating. When a high strength is asked for, what is necessary is
to increase the volume fraction of the low temperature transformation phases by comparatively adopting the rapid cooling
condition. When the workability is highly thought of, the rapid cooling condition may be eased and the volume fraction
of the low temperature transformation phase may comparatively be suppressed low.

Claims

1. A high strength steel sheet consisting of
C: 0.03 to 0.20% (% by mass in chemical compositions; hereafter, the same holds true),
Si: 0.50 to 2.5%,
Mn: 0.50 to 2.5%,
Cr: 0.01 to 0.5%, and optionally
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0.02 to 0.2% Mo, and optionally

at least one element selected from the group consisting of Ti: 0.01 to 0.15%,

Nb: 0.01 to 0.15%, and

V: 0.001 to 0.15%,

with the remainder being iron and inevitable impurities,

wherein a metal structure includes ferrite and low temperature transformation phase comprising martensite, bainite,
and pseudo pearlite, wherein the low temperature transformation phase mainly comprising martensite occupies
10% or more to 80% or less by area ratio, in which the martensite structure is 90% or more by area ratio, a mean
grain size of the low temperature transformation phase is 3.0 um or less, grains having a grain size of 3.0 um or
less occupy 50% or more by area ratio of the low temperature transformation phase, and an average aspect ratio
of the low temperature transformation phase is 0.35 or more.

Patentanspriiche

1.

Hochfestes Stahlblech, bestehend aus

C: 0,03 bis 0,20% (Masse-% in chemischen Zusammensetzungen, im folgenden gilt das Gleiche),

Si: 0,50 bis 2,5%,

Mn: 0,50 bis 2,5%,

Cr: 0,01 bis 0,5% und gegebenenfalls

0,02 bis 0,2% Mo, und gegebenenfalls

mindestens einem Elerrenf, ausgewahlt aus der Gruppe, bestehend aus Ti: 0,01 bis 0,15%,

Nb: 0,01 bis 0,15%, und

V: 0,001 bis 0,15%,

wobei der Rest Eisen und unvermeidbare Verunreinigungen sind,

wobei eine Metallstruktur Ferrit und eine Niedertemperaturtransformationsphase, umfassend Martensit, Bainit und
Pseudopearlit, einschlie3t, wobei die Niedertemperaturtransformationsphase, hauptsachlich umfassend Martensit,
10% oder mehr bis 80% oder weniger, bezogen auf das Flachenverhaltnis, besetzt, worin die Martensitstruktur 90%
oder mehr, bezogen auf das Flachenverhaltnis, betragt, eine mittlere KorngréRe der Niedertemperaturtransforma-
tiorisphase 3,0 wm oder weniger betragt, Kérner mit einer Kérnergréfie von 3,0 um oder weniger 50% oder mehr,
bezogen auf das Flachenverhalinis der Niedertemperaturtransformationsphase, besetzen und ein durchschnittliches
Aspektverhaltnis der Niedertemperaturtransformationsphase 0,35 oder mehr betragt.

Revendications

1.

Tole d’acier a haute résistance composée de :

C:de 0,03 a2 0,20 % (% en masse dans les compositions chimiques ; de méme que ci-apres),
Si:de0,5a2,5 %,

Mn:de0,5a2,5 %,

Cr:de 0,01 a2 0,5%, et, en variante,

de 0,02 a 0,2 % de Mo, et, en variante,

au moins un élément sélectionné a partir du groupe constitué par :

Ti: de 0,01 2 0,15 %,

Nb: de 0,01 a 0,15 %, et

V:de 0,001 a 0,15 %,

le reste étant du fer et des impuretés inévitables,

dans laquelle une structure métallique comporte de la ferrite et une phase de transformation a basse
température comprenant de la martensite, la bainite, et de la pseudo perlite, dans laquelle la phase de
transformation a basse température comprenant principalement de la martensite occupe de 10% ou plus
a 80 % ou moins en rapport surfacique, dans lequel la structure de martensite est de 90 % ou plus en
rapport surfacique, une taille moyenne de grain de la phase de transformation a basse température est
inférieure ou égale a 3,0 um, des grains présentant une taille de grain inférieure ou égale a 3,0 wm, occupent
50 % ou plus en rapport surfacique de la phase de transformation a basse température, et un rapport
d’allongement moyen de la phase de transformation a basse température est supérieur ou égal a 0,35.

1"



TS x EI (MPa%)

EP 2 000 554 B1

F I G 1 o STEEL OF PRESENT INVENTION

(590-980 MPa LEVEL)

o JTEEL OF COMPARATIVE EXAMPLE
(590-980 MPa LEVEL)

& STEEL OF PRESENT INVENTION
(1180 MPa LEVEL)

20000 oSTEEL OF COMPARATIVE EXAMPLE
(1180 MPa LEVEL)
18000 ® o
®
Y e
® ° 4
16000
O
14000 }O é
o
12000 »>
10000 T
o
] * 0? <o O
8000 ! ! I
L L L L
0.7
0.6 ® r.
o ¢ 0
}_-
i_-
g_LJ' 0.4 L‘ °©
(7]
Z B
0.3 k5 <
RANGE OF PRESENT ©
INVENTION
0.2 ] ! ] I 1

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

ADDED AMOUNT OF Mo (%)

12



EP 2 000 554 B1

FIG.2A

R R
NIRRT
AR

S
'\l\\'\\. ST

S

ol A
N

P

e

13



EP 2 000 554 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2005213603 A [0007] * JP 2000017385 A [0008]
* JP 2005029867 A [0007] * JP 2003147485 A [0033]
« EP 1514951 A [0008]  JP 2259013 A[0033]

Non-patent literature cited in the description
¢ ARAKI et al. Atlas for Bainite Mircostructures. Iron

& Steel Institute of Japan, 29 June 1992, vol. 1, 1-2
[0028]

14



	bibliography
	description
	claims
	drawings
	cited references

